First-principles calculations are employed to determine the values of effective masses, deformation potentials, and elastic constants entering the model. The analysis suggests that the upper limit on room temperature mobility within a single crystalline region in DNTT-C 10 or BTBT-C 12 may be some tens of cm 2 /Vs. The width of the p-bonded molecular core in the direction perpendicular to the transport plane is identified as a structural feature affecting mobility in two-dimensional organic semiconductors. Organic field-effect transistors are of interest because of their applications in large-area flexible devices such as displays and sensors. An important figure of merit of the organic semiconductors employed in these transistors is the mobility of the charge carriers. The effective mobility is affected by a number of factors starting with the intrinsic mobility within a single crystalline region, but also including the nature and density of extended defects such as grain boundaries 1 and molecular impurities. 2 The desire to increase mobility motivates investigations of the relationship between mobility and structure on both molecular and mesoscopic length scales, as well as efforts to synthesize materials having improved performance. 3, 4 Recent experimental work has shown that the molecular organic semiconductor DNTT-C 10 [2,9-dialkyl-dinaphtho [2,3- 4 The molecular structure of DNTT-C 10 , a material consisting of herringbone stacked alkylated dinaphtho-thieno-thiophene molecules, is illustrated in Fig. 1 . The relatively high mobility measured for this solution processed organic semiconductor, together with the observation that the mobility increases as the temperature is reduced, suggested that charge transport involves a band-like mechanism in which the holes are delocalized. 4 The fall-off in mobility with increasing temperature arises in this scenario from scattering by phonons. Measurement of the Hall coefficient in vapor deposited DNTT provides additional support for band transport. 5 These results raise the question of whether it is possible to understand the superior hole transport of DNTT-C 10 in terms of a mechanism based on band transport. To address this question, we consider an acoustic deformation potential model appropriate for two-dimensions (2D) and apply the model to DNTT-C 10 , BTBT-C 12 [2,7- 6 and thin-film pentacene. 7 This model is based on the assumptions that the scattering is dominated by acoustic phonons and that there are no grain boundaries, chemical impurities, or interface scattering. As these assumptions are idealizations, one must regard the mobility values reported below as upper limits on the intrinsic mobility within a single crystalline region. The analysis suggests that it is the small effective masses in the plane of transport together with the extended width of the molecule in the direction perpendicular to the transport that gives rise to the excellent relative performance of DNTT.
The atomic structure of 2, Fig. 1(a) . The long alkyl chains separate neighboring layers of molecules, so that the transport is inherently 2D with essentially no electronic coupling between the neighboring layers. Each unit cell contains two molecules stacked in a herringbone pattern, as illustrated in Fig. 1(b) . The lattice parameters and the internal atomic coordinates have been determined by x-ray diffraction by Nakayama et al. 4 The cell is monoclinic with a ¼ 5.99 Å , b ¼ 7.62 Å , c ¼ 38.05 Å , and b ¼ 94. 4 . We employ the experimental coordinates as input, relax the atomic positions, and then calculate the band structure.
The pseudopotential density functional theory was employed with the local density approximation to perform the calculations. The cutoff energy for the plane wave basis [8] [9] [10] [11] In systems with long alkyl chains interacting primarily by van de Waals interactions, the use of the local density approximation can give rise to intermolecular separations that are too small by $4%. Therefore, as in previous calculations, the lattice vectors were fixed at the values determined by experiment.
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99, 062111 (2011) was taken to be 40 Ry. Troullier-Martins pseudopotentials were adopted for the S and C atoms, while the exact 1/r potential was employed for the H atoms.
1,12
Band structure calculations for DNTT-C 10 are shown in Fig. 2(a) . The valence band maximum (VBM) is located at the zone center (C). There is a downwards dispersion of the topmost hole band (h1)
Calculations of E(k) for k along other directions allow us to obtain the effective mass for other directions in the a-b plane, and the results are shown in Fig. 3 .
In the acoustic deformation potential model for 2D transport, [13] [14] [15] the mobility l may be written as
In this expression, m c is the effective mass along the direction of transport and m d is the density of states mass, which is equal to (m a m b )
. e ac is the acoustic deformation potential, B is the elastic modulus, and L eff is an effective width that depends on the degree of carrier confinement in the direction perpendicular to the plane of transport
For a layered organic semiconductor such as DNTT-C 10 , the electronic coupling to neighboring molecules in the third dimension is extremely weak, so that carriers are confined by the gate voltage to within a single molecular layer. In that case, the normalized envelope function can be approximated as
L c is the length of the p-bonded core of the molecule in the z direction and the origin is located at the edge of the p-bonded core. L eff is, therefore, equal to L c , the length of the p-bonded core of the molecule as illustrated in Fig. 1 . The deformation potential, e ac ¼ V dE vbm /dV, is calculated with a finite difference approach:
). The modulus B is obtained by fitting total energy calculations to a 2nd degree polynomial. Results for the various parameters are summarized in Table I .
For DNTT-C 10 , the deformation potential is e ac ¼ 2.2 eV, the modulus is 0.096 eV/Å Another set of promising materials similar to DNTT are the alkylated benzothieno[3,2-b]benzothiophene (BTBT) derivatives. 6, 16, 17 A representative of this set, BTBT-C 12 is shown in Figure 4(a) . Calculation of the electronic structure was performed for this material employing the monoclinic unit cell determined by Ebata et al. 6 The bands are shown in Figure 4 A difference between BTBT and DNTT that should be noted is the reduced molecular width of BTBT (L c $ 9 Å ) compared to DNTT (L c $ 13.5 Å ). As the mobility scales linearly with L eff $ L c , this factor accounts for a significant part of the difference in mobility between the two materials. We propose, therefore, that L c , the spatial extent of the p-bonded core, be considered as a design parameter to be explored in future attempts to synthesize high mobility materials.
For purposes of comparison, we include results for thinfilm pentacene. For these calculations, we employed an orthorhombic structure with in plane lattice constants (a ¼ 7.588 Å and b ¼ 5.916 Å ) determined experimentally. 7 The band structure for this pentacene structure is shown in Figure 5 . It is important to note that the band dispersion is more anisotropic and reduced in magnitude compared to that of DNTT and BTBT. In addition, the valence band maximum occurs away from the zone center. This results in two equivalent valleys and leads to a factor of two reduction in the mobility. 13 The pentacene effective masses are larger and the intrinsic mobility is lower, ranging from 13 to 19 cm This value may be similar to the intrinsic hole mobility within single crystals of pentacene.
In summary, the present model suggests that the upper limit on room temperature mobility within a single crystalline region in DNTT-C 10 or BTBT-C 12 may be some tens of 
